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CO¨RVERS F., HENSEN M. and BONGAERTS D. Delimitation and coherence of functional and administrative regions, Regional
Studies. The paper tests whether functional regions in the Netherlands show more labour market coherence between the munici-
palities included in them than the Dutch administrative regions. It turns out that regional disparities are not significantly smaller
within functional than within administrative regions with respect to income level, housing prices, employment rate, and unem-
ployment rate. It is argued that the numerous functional delimitations of the labour market that have been made for many
countries in other studies are only useful for policy-making if they clearly outperform the administrative delimitations with
respect to some relevant indicators of labour market coherence or regional disparities.
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entre les municipalite´s englobe´es dans celles-ci que les re´gions administratives ne´erlandaises. Il s’ave`re que les disparite´s re´gionales
ne sont pas vraiment moindres dans les re´gions fonctionnelles que dans les re´gions administratives du point de vue du niveau de
revenus, du prix des logements, du taux d’emploi et du taux de choˆmage. Nous soutenons que les nombreuses de´limitations fonc-
tionnelles du marche´ du travail qui ont e´te´ e´tablies pour de nombreux pays dans d’autres e´tudes ne sont utiles pour la prise des
de´cisions politiques que si elles se montrent nettement plus performantes que les de´limitations administratives par rapport a` certains
indicateurs pertinents de la cohe´rence du marche´ du travail ou des disparite´s re´gionales.
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CO¨RVERS F., HENSEN M. und BONGAERTS D. Abgrenzungen und Koha¨renz von funktionalen und Verwaltungsregionen,
Regional Studies. Wir u¨berpru¨fen, ob die funktionalen Regionen der Niederlande hinsichtlich des Arbeitsmarkts mehr
Koha¨renz zwischen den Gemeinden der einzelnen Regionen aufweisen als zwischen den holla¨ndischen Verwaltungsregionen.
Wie sich herausstellt, fallen die regionalen Disparita¨ten innerhalb der funktionalen Regionen nicht signifikant kleiner
aus als innerhalb der Verwaltungsregionen, was das Einkommensniveau, die Hauspreise, das Bescha¨ftigungsniveau und die
Arbeitslosenzahlen angeht. Wir argumentieren, dass die zahlreichen funktionalen Abgrenzungen des Arbeitsmarkts, die in
anderen Studien fu¨r viele La¨nder geschaffen wurden, zur politischen Gestaltung nur nu¨tzlich sind, wenn sie den verwaltungstech-
nischen Abgrenzungen hinsichtlich einiger relevanter Indikatoren fu¨r die Arbeitsmarktkoha¨renz oder die regionalen Disparita¨ten
klar u¨berlegen sind.
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CO¨RVERS F., HENSEN M. y BONGAERTS D. La delimitacio´n y coherencia de las regiones funcionales y administrativas, Regional
Studies. En este artı´culo comprobamos si la coherencia del mercado laboral entre las municipalidades de las regiones funcionales de
Regional Studies, Vol. 43.1, pp. 19–31, February 2009
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http://www.regional-studies-assoc.ac.uk
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los Paı´ses Bajos es mayor que la coherencia entre las regiones administrativas holandesas. Observamos que las desigualdades regio-
nales no son significativamente menores en las regiones funcionales que en las regiones administrativas con respecto al nivel de
ingresos, los precios de la vivienda y las tasas de empleo y desempleo. Sostenemos que las numerosas delimitaciones funcionales
del mercado laboral que se han realizado para muchos paı´ses en otros estudios son so´lo u´tiles para la elaboracio´n de polı´ticas si
claramente funcionan mejor que las delimitaciones administrativas con respecto a algunos indicadores relevantes de la coherencia
del mercado laboral o de las desigualdades regionales.
Regiones funcionales Desplazamientos diarios Cuenca de empleo Desigualdades regionales
JEL classifications: J61, R23
INTRODUCTION
The definition of a regional labour market is very
important in the light of regional labour market policies
(BALL, 1980). In particular for research and policy-
making purposes, the delimited areas should exhibit
functional similarities. The economic diversity within
an administratively defined region might be so large
that comparison between regions is not justified. The
decisions made concerning the planning, distribution,
and allocation of resources among the various regions
derived are not likely to be the most effective and mean-
ingful relative to the decision that would be made if the
underlying regional patterns were known (AMEDO,
1968). For example, areas with high unemployment
rates but administratively falling within regions with low
average unemployment rates may receive no assistance
from the national government or the European Union.
The dominant concept in defining functional
regions is that of labour markets, as is illustrated by
the substantial literature in this field by, for example,
ANDERSEN (2002), BAUMANN et al. (1996), COOMBES
et al. (1986), CASADO-DI´AZ (2000), EUROSTAT
(1992), FOX and KUMAR (1965), KILLIAN and
TOLBERT (1993), and NEWELL and PAPPS (2002). For
the delimitation of functional labour market regions
commuting flows are used in most Organization for
Economic Co-operation and Development (OECD)
countries (OECD, 2002). Commuting conditions such
as distance, closeness, commuting thresholds, and travel
times determine the magnitude of the commuting flows
between areas. On the basis of commuting flows, a func-
tional region can then be defined as a region in which a
large proportion of the workers both live and work.
However, it might be difficult for local planning
authorities to interpret statistical information as well as
to set policy goals with regard to a different division
of areas than the administrative division (COOMBES
and OPENSHAW, 1982; GREEN and COOMBES, 1985).
It might be even more difficult and costly to reorganize
local government structure according to a particular
functional division of regions. Therefore, a functional
regionalization should have clear benefits over the
administrative regionalization to make it really valuable
for policy-makers. This might be the case if the
labour market areas within the functional regions are
significantly more coherent than within the administra-
tive regions.
The issue of regionalizing countries into functional
regions can be regarded as a modifiable areal unit
problem (MAUP; e.g. OPENSHAW, 1984; UNWIN,
1996), which consists of both a scale and an aggregation
problem. The scale problem refers to the choice of the
appropriate number of regions, whereas the aggregation
problem refers to the choice of an appropriate regiona-
lization (BAUMANN et al., 1996). Labour market studies
in which data on basic spatial units – in the present
paper municipalities – are aggregated by using admin-
istratively defined regions do generally not inform
about the use of other delineations. Due to the poten-
tially infinite options to aggregate the data, one
should be aware of the spatial variation of the data, par-
ticularly when using more or less arbitrary and ‘modifi-
able’ boundaries between areas.
The aim of this paper is to examine whether the
coherence of the functional labour market regions,
which are carefully delimited without using arbitrary
criteria, is larger than the coherence of the administra-
tive defined labour market regions. The larger the
coherence of the areas within the delimited regions, the
larger the heterogeneity between the delimited regions is
expected to be for particular measures related to the
economy and the labour market. The comparison of
different regionalizations using economic indicators has
hardly been examined in the field of labour economics.
The present authors will attempt to make a contribution
in this field by testing for the labour market coherence of
different functional and administrative regionalizations
for the case of the Netherlands.
Labour market coherence will be measured by four
economic indicators that are commonly used in
studies on regional disparities (e.g. OECD, 2005, ch.
2): income level, housing prices, employment rate,
and unemployment rate. Moreover, the use of these
indicators will be justified in a commuting model of
the labour market. For these indicators it will be
tested whether functionally defined regions show
more coherence between the municipalities included
in it than the administratively defined regions. Accord-
ing to the commuting model presented in this paper,
low commuting flows between functional regions
20 Frank Co¨rvers et al.
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should go hand in hand with large interregional differ-
ences in wages, housing prices, employment, and
unemployment rates. The new approach in the
paper is that the administrative and functional regions
are linked to these measures of regional economic per-
formance to obtain an idea of which of the
regionalizations should be preferred.
The paper falls into two parts. The second section
refers to the first part and discusses the relevant literature
on delimitation studies. Furthermore, it explains the
delimitation method used and shows the results of
applying this method on the commuting data of the
Netherlands at four different scale levels. The third
section refers to the second part and starts with a
commuting model of the labour market. The model
underpins the use of the four economic indicators men-
tioned above for the empirical testing on labour market
coherence. Next, the third section discusses the results
of this testing. The fourth section concludes.
REGIONALIZATION BASED ON
TRAVEL-TO-WORK FLOWS
Previous studies
The use of delimitations of functionally defined regions
varies between countries (OECD, 2002). In Great
Britain, labour market areas have been defined to
analyse labour market phenomena, calculate unemploy-
ment rates, identify assisted areas for industrial policies,
and reorganize local government. These labour market
areas are known as travel-to-work areas (TTWA;
COOMBES et al., 1986; OFFICE FOR NATIONAL STAT-
ISTICS (ONS) and COOMBES, 1998; COOMBES,
2005). They are the result of a delimitation procedure
using the direct and indirect relationships between
municipalities by analysing the behaviour of individual
commuters. In addition, for a number of other
European countries the same regionalization algorithm
has been undertaken (EUROSTAT, 1992). For some
countries the results of more or less the same regionali-
zation algorithm have been published in separate
studies. These countries include Denmark (ANDERSEN,
2002), the region of Valencia in Spain (CASADO-DI´AZ,
2000), Italy (SFORZI et al., 1997), and New Zealand
(NEWELL and PAPPS, 2002).
The delimitation procedure of TTWAs was devel-
oped to generate the maximum possible number of
areas with a self-containment level of at least 75%
(SMART, 1974) and a minimum size of the area of 3500
resident workers. Within the area, at least 75% of the
jobs should be fulfilled by the residents of that area
(demand-side self-containment) and at least 75% of the
residents should work in the area (supply-side self-
containment). In addition, a 70% threshold was accepted
if the size of the area exceeded 20 000 residents. The
municipalities with the highest self-containment levels
are selected as the starting point for the delimitation
procedure. However, the determination of the threshold
values determines to a great extent the number of local
labour market areas defined.1 Lower threshold values
would yield more local labour market regions, as a
result of which the usefulness of the delimitation for
policy-making might be reduced. Other absolute
threshold values to select employment centres are used,
for example by GIULLIANO and SMALL (1991), who
defined contiguous employment areas in the Los
Angeles region of the USA as areas with at least ten
workers per acre or more than 10 000 workers. More-
over, VAN DER LAAN and SCHALKE (2001) argued that
the use of situation-dependent absolute figures is respon-
sible for different classifications that depend on the
country and the period of analysis. To avoid the problems
related to the use of absolute figures when defining
TTWAs, they used relative instead of absolute criteria
to delimit local labour market areas in the Netherlands.
Nevertheless, the choice of these relative criteria also
seems to be rather arbitrary.
The more or less arbitrary nature of many delimita-
tion procedures is illustrated by the fact that the regio-
nalization algorithm had to be adapted with respect to
some thresholds to obtain ‘satisfactory’ results in the
studies that used the algorithm by Coombes (see
above). The ‘fine-tuning’ for each country is considered
to be necessary to deal with the wide variety of local
labour market areas. However, such fine-tuning can
be rather arbitrary since:
the TTWAs form only one of the innumerable possible
different aggregations . . . to achieve the goal of 75% self-
containment.2
(COOMBES and OPENSHAW, 1982, p. 142)
Therefore, the present authors do not agree with
COOMBES et al. (1986) that this flexible multistage
aggregation approach should be preferred above the
alternative approach applied by, for example, BROWN
and HOLMES (1971) and MASSER and BROWN
(1975). Although the alternative approach has been cri-
ticized for being too deterministic and solely based on
numerical taxonomy principles and statistical objectives
(COOMBES et al., 1986), the present authors prefer this
approach since it does not require the modification of
criteria in a rather arbitrary way.
The different methods in the alternative approach
are reviewed and tested by, for example, MASSER
and SCHEURWATER (1980), FISCHER (1980), and
BAUMANN et al. (1996). From these reviews it turns
out that there is no clear a priori advantage of one or
the other method. The present authors have chosen
to delimit regions in the Netherlands by using the
Markov analytic functional distance approach, which
transforms the interaction matrix of commuting flows
between municipalities into an mean first passage time
(MFPT) matrix. This method is one of the most
widely used regionalization methods in the alternative
approach, and is intuitively appealing because the cells
Delimitation and Coherence of Functional and Administrative Regions 21
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of the MFPT matrix represent functional distances
between municipalities.
This paper is mainly interested in whether the func-
tional division of regions can outperform the adminis-
trative division with respect to the four economic
indicators mentioned in the Introduction:
The fundamental question of which regionalization should
be chosen should be decided on the basis of a set of relevant
criteria, such as R2-, t-values and a priori signs, etc.
(BAUMANN et al., 1996, p. 380)
By using the economic indicators as the relevant criteria
in the analysis, the present paper deals with the aggrega-
tion problem. The paper will cope with the scale
problem by performing the analysis on the comparison
between the functional and the administrative division
at different scale levels.
Methods
Following BROWN and HOLMES (1971) and BAUMANN
et al. (1996), the present authors first transform the stan-
dard interaction matrix of commuting flows between
municipalities into a MFPT matrix (see Appendix 1),
and then cluster municipalities that have more inter-
action with each other than with municipalities
outside the cluster. This aggregation method aims
to maximize within-region commuting flows by
merging the two adjacent municipalities (or clusters)
with the smallest distances expressed by the MFPT indi-
cators, that is the greatest mutual interaction in com-
muting flows. Setting the maximum number of
clusters preferred, this aggregation method leads to an
optimal delimitation of functional regions.
Given the initial distance matrix, the clustering pro-
cedure can be started. The paper follows the method
proposed by WARD (1963), which has also been used
by, for example, MASSER and SCHEURWATER (1980)
and BAUMANN et al. (1996). Two municipalities/clusters,
i and j, are only clustered if they are adjacent. The pro-
cedure subsequently clusters the two municipalities with
the smallest d (functional distance). The new distances
from a to all other clusters are calculated by minimizing
the variance within clusters. The new distance d(a, r)
between a new cluster a consisting of p and q to another
region/cluster r is calculated according to the formula:
d(r, a) ¼ d(r, p< q)
¼ (nP þ nr)d(p, r)þ(nq þ nr )d(q, r)nr d(p, q)
nP þ nq þ nr
where nx is the number of elements in cluster x.
Commuting data
For the delimitation analyses the travel-to-work3 data
(OVG, ‘Onderzoek VerplaatsingsGedrag’, for 2001,
1991, and 1992) from Statistics Netherlands, which
observed the travelling behaviour of a sample from the
Dutch population, have been used. This travelling
behaviour can be classified according to the motivation
of the mobility decision. Apart from the decision to
travel to work, other motives to travel are also observed,
such as shopping or sports. To delimit the Netherlands,
only the home-to-work journey is used as a motive for
the mobility decision.
The number of observations used in the delimitation
analysis of 2001 was 39 280. Since the number of obser-
vations was substantially lower for 1991, the OVG data
for 1992 were also used as if the data sets were from one
year. The remainder of the paper will refer to ‘1991’
when the data from 1991/92 are used. The total
number of observations for these two years was still
only 5875. Given the number of the 484 remaining
municipalities, the regionalization of 1991 should be
regarded as less reliable than the regionalization of
2001. Due to a lack of data, the five islands in the
north (‘Waddeneilanden’) could not be clustered in
the 2001 and 1991 delimitation analyses.
The average travel distance the workers travelled to
reach their work location was about 16 km in 2001.
In 1991, workers travelled on average 13 km. The com-
muting behaviour of workers has therefore changed
over time. Hence, the delimitation of regions might
have changed over time.
Results of the delimitations with commuting flows
The method described above allows one to produce any
number of functional regions. The number of func-
tional regions to be generated in the delimitation
procedure was set equal to the number of administra-
tively defined regions in the Netherlands in order to
compare the coherence of the regions in the administra-
tive and functional divisions (see the next section). The
text below will discuss four different administrative
divisions of the Netherlands. For reasons of space and
readability, only the figures of the four-region adminis-
trative and functional divisions of 2001 are shown. In
BONGAERTS et al. (2004) the figures for 1991 and for
the 12, 24, and 40 divisions of administrative and func-
tional regions can be found.
Eurostat uses the Nomenclature of Territorial Units
for Statistics (NUTS) to divide countries into regions.
According to NUTS1, the Netherlands is divided into
four country parts: north, south, east. and west. Fig. 1
shows this administrative delineation of the Nether-
lands. Since the Netherlands is divided into four admin-
istrative regions in NUTS1, four functional regions
were generated in accordance with the delimitation
procedure from the preceding section.
Fig. 2 presents the derived delineation for four func-
tional regions in 2001. The functional division into four
regions of the Netherlands is evidently different from
the administrative four-region division. It appears that
22 Frank Co¨rvers et al.
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the Utrecht region is a separate regional labour market
according to the delineation into functional regions.
Furthermore, the Zeeuws-Vlaanderen region, consisting
of three municipalities, can also be seen as a separate –
morehomogeneous – region.This canbeeasilyexplained
by the absence of a bridge or tunnel across the Wester-
schelde estuary to connect Zeeuws-Vlaanderen and
Zuid-Beveland.4
Moreover, the functional delineation based on com-
muting flows suggests that the northern part of the
Netherlands interacts more with the western and the
middle part of the country than is suggested by
the administrative division. The same is true for the
southern part. Apparently, there is more north–south
than east–west distinction between regions. This can
be partly explained by the River Rhine flowing from
east to west into the North Sea. Probably related to
the course of the Rhine, the border between the func-
tional regions Utrecht and South is almost the same as in
the administrative four-division or the administrative
12-division of provinces (see below). However, in the
west the border between the functional regions North
and South follows the administrative border between
the provinces North Holland and South Holland
instead of the Rhine.
The functional division into four regions also illustrates
the strong polycentricity of the Randstad Holland region
(e.g. MUSTERD and VAN ZELM, 2001), which consists of
the cities of Amsterdam, Utrecht, the Hague, and Rotter-
dam. In the functional division the latter two cities are part
of the south and the cities of Amsterdam and Utrecht are
situated in different functional regions, whereas in the
administrative division the Randstad cities belong to
one region (i.e. west) (Fig. 1). A recent report by the
Netherlands Institute for Spatial Research (RITSEMA
VAN ECK et al., 2006) concludes that the Randstad
cannot be regarded as a single cohesive whole, although
this holds to a lesser extent for commuting patterns than
for business relationships and shopping expeditions
between the urban regions.
The regional division of the Netherlands at the
NUTS2 level refers to the 12 provinces of the
Netherlands, which fall within the boundaries of
the NUTS1 regions. These provinces represent the
administrative layer in between the national govern-
ment and the local municipalities. A large share of
the regional budgets for policy planning is distributed
over the provinces. The division of the Netherlands
into 12 functional regions has been compared with
the Dutch division in 12 provinces.
Other administrative delimitations that are com-
pared with the functional delimitations include the
RBA division of 28 regions and the COROP div-
ision of 40 regions (NUTS3). The RBA division
refers to a delimitation of labour market areas,
formerly used by the national employment agency.
The COROP regions were delimited according
to the nodal division principle, which means that
every region contains a central municipality.
Although the COROP regions can be considered
more or less as functional regions, an additional
requirement for this delimitation was that the
COROP regions were situated within the bound-
aries of the provinces. Both the RBA and the
COROP divisions have been widely used in struc-
tural analyses of labour markets for analysing terri-
torial disparities, but also by specific administrative
bodies to plan their policies.
Fig. 1. Four administrative regions (NUTS1) of the
Netherlands
Fig. 2. Four functional regions of the Netherlands, 2001
Delimitation and Coherence of Functional and Administrative Regions 23
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In general, the delimitations using 1991 commuting
flows lead to more small regions than in 2001. An expla-
nation for this could be the shorter travel distances. In
1991, workers might have been less able – due to a
less favourable infrastructure or them not having a
car – or less willing to commute to reach their work
location than in 2001. If commuting distances further
increase during the next decade in the Netherlands,
then there will hardly be any small regions that represent
more or less closed labour markets.
TESTING FOR THE COHERENCE
OF REGIONS
A commuting model of the labour market
This subsection will analyse how commuting reduces
wage inequality between regions.5 It is hypothesized
that large commuting flows between regions will
reduce interregional wage differences, and interregional
differences in housing prices, employment, and unem-
ployment rates. Therefore, regions can be aggregated
to one coherent region if the commuting flows
between them are large.
The starting point is a classical supply–demand
representation of the labour market with a and b repre-
senting the exogenously given parameters. In this model
the labour demand function can be characterized by:
LRD,t ¼ bR1  bR2 W Rt (1)
where Wt
R is the real average wage earnings per worker;
and R denotes regions A and B. Furthermore, t refers to
the period before and after commuting is allowed,
where in period 1 (t ¼ 1) no commuting is allowed
and in period 2 (t ¼ 2) it is. The labour supply function
can be characterized by:
LRS,t ¼ aR1  aR2 W Rt (2)
When regional labour supply and demand in period 1
are equal, the labour market in region R is in equili-
brium. That is, LD,1
R ¼ LS,1R . Setting (1) equal to (2)
yields the equilibrium wage level for both regions
(A and B) in period 1:
W R1 ¼
aR1  bR1
bR2  aR2
(3)
where a2
R . 0 and b2
R . 0 are the wage elasticities of
supply and demand, respectively. It follows that for
W1
R to be positive, a1
R , b1
R.
In period 2, commuting is allowed. Assume that in
period 1 W1
A .W1
B. This will stimulate workers to
commute from B to A. However, workers usually
have to make costs to travel or to cross natural or
psychological barriers. These costs are related to the
so-called commuting conditions mentioned in the
first section. Suppose that individuals are confronted
with fixed costs F if they commute from region B to
region A. The equilibrium wage level (if commuting
between A and B takes place), becomes:
W A2 ¼ W B2 þ F (4)
where F  0, and W2A ,W1A and W2B .W1B. The
higher wage level in region A in period 1 leads to a
commuting flow from region B to A, which in turn
decreases the wage level in region A and increases the
wage level in B. It can be proved that there will be no
commuting if the fixed costs F are too large, i.e. W1
A 
W1
B þ F. Thus, commuting between regions A and B
starts only if W1
A 2W1
B . F and stops in period 2 if
equation (4) is fulfilled.
The commuting flow LC
A from region B to region A
is equal to the difference between labour demand and
supply in region A (or B). In period 2, labour
demand is larger than labour supply due to the decrease
in the wage level in region A, and vice versa for region
B. For region A this is illustrated by equation (5):
LAC ¼ (LAD,2  LAD,1) (LAS,2  LAS,1) (5)
¼ (bA2 þ aA2 )(W A2 W A1 )
¼ g A(W A2 W A1 ) . 0
LC
A is larger than zero since gA . 0 and W2
A ,W1
A.
The parameters gA and gB can be interpreted as the
sensitivity of commuting flows to wage adjustments
within a region. A large g refers to high wage elasticities
of supply and demand. By definition it holds that:
LAC þ LBC ¼ 0 (6)
Therefore:
g A(W A2 W A1 ) g B(W B2 W B1 ) ¼ 0 (7)
W A1 W A2
W B2 W B1
¼ g
B
g A
Equation (7) implies that regions with relatively low
wage elasticities are confronted with relatively large
changes in the regional equilibrium wage due to com-
muting. The equilibrium wage levels in period 2 for
region A and B are identical if there are no fixed
costs. To commute from region B to region A,
workers have to incorporate the fixed costs F. There-
fore, the difference between the equilibrium wage
levels in period 2 consists of the fixed costs F (see
24 Frank Co¨rvers et al.
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equation 4). Combining (7) with (4) results in:
W A2 ¼
g B
g B þ g A (W
B
1 þ F)þ
g A
g B þ g A W
A
1 (8)
Equation (8) shows that the new equilibrium wage level
in region A is the weighted average of the old equili-
brium wage levels in regions A and B corrected for
fixed costs. The region with the largest wage elasticities
has the largest weight. From equation (5) it follows that:
W A2 ¼
LAC
g A
þW A1 (9)
The next subsections test the relationship between the
wage variance (in period 2, i.e. based on the observed
wages) and the commuting flows. This relationship is
predicted by the next equation, which can be derived
by combining equations (6) and (9) for regions A and B:
W A2 W B2
¼ L
A
C
g A
þW A1
 
 L
B
C
g B
þW B1
 
¼  g
B þ g A
g Bg A
(LAC)þ (W A1 W B1 )
(10)
From equation (10) it can be readily understood that the
interregional wage difference in period 2, which is
equal to the fixed costs of commuting as follows from
equation (4), is dependent on the wage elasticities and
the interregional wage difference in period 1, which
are both predetermined. It follows that for given wage
elasticities and interregional wage differences when
regions are closed (in period 1) the magnitude of the
observed commuting flows is negatively related to the
observed interregional wage differences (in period 2,
i.e. when regions are open). The larger the commuting
flows between regions, the lower the interregional wage
differences. Both commuting flows and interregional
wage differences reflect the commuting conditions
mentioned before.
Since higher wages will raise housing prices and will
pull more individuals to the labour market, higher costs
of commuting might also be reflected in larger inter-
regional differences in housing prices and labour
participation (i.e. employment rates). Finally, since job
searchers face relatively high costs of commuting
between municipalities of different regions, low com-
muting flows between regions may be related to large
interregional differences in unemployment rates.
The four economic indicators that follow from the
above analysis are widely used indicators when analysing
regional disparities. This is evident not only from a
study by the OECD (2005) on the persistence of
regional disparities in OECD countries, but also from
a number of recent publications for the Netherlands.
These studies include ATZEMA and VAN DIJK (2005)
on unemployment rates; VERMEULEN (2005) on
regional employment and unemployment rates; and
VERMEULEN and VAN OMMEREN (2006) on unem-
ployment, housing prices, and wages. Moreover, for
many other small countries contributions on regional
disparities with respect to these indicators can be
found in the work of FELSENSTEIN and PORTNOV
(2005b). Finally, HAZANS (2004) has found empirical
evidence in line with the above commuting model.
He shows that commuting significantly reduces wage
disparities between areas in Estonia, Latvia, and Lithua-
nia, and increases the employment possibilities of the
residents in these countries.
Descriptive statistics of economic indicators for labour market
coherence
Below will be given a description of the mean and
standard deviation of the indicators following from
the commuting model. This will be done for the four
administrative and functional regions distinguished in
the previous subsection. The calculation of the mean
and standard deviation per administrative or functional
region is based on the indicators of the municipalities
for which data are available. The first indicator concerns
the average wage level per worker. This indicator
can be measured by, for example, gross earnings paid
by the employer. These data are, however, not
available at the municipality level for the Netherlands.
Therefore, the net personal income of workers, which
incorporates the gross wages earned as well as income
taxes, tax allowances, and fiscal deductions, has been
used. The income data have been drawn from the same
survey as the travel-to-work data of the second section
(OVG of Statistics Netherlands).
Moreover, data on housing prices were drawn from
Statistics Netherlands that processed the data collected
by the tax authorities. The housing prices are based
on the tax declarations by homeowners in the
Netherlands. Finally, the employment and unemploy-
ment rates are based on the Labour Force Survey of
Statistics Netherlands. However, data on the employ-
ment and unemployment rate at municipality level
were only available for municipalities with more than
10 000 inhabitants. For these two indicators, data for
300 municipalities were used in the analysis. For
housing prices, employment and unemployment rates
no data were available for 1991. Table 1 gives an over-
view of the average values and standard deviations
with regard to the four economic indicators for the
municipalities in the four administrative regions of
the Netherlands. The North region traditionally has
the lowest labour participation, as indicated by the
employment and unemployment rates. In the West
region the income level, housing prices, and labour
participation rates are the highest.
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The same overview is presented in Table 2 for the
four functionally delimited regions. In the functional
division the regions of Utrecht and Zeeuws Vlaanderen
have the most extreme values for the four indicators. In
Utrecht the income level, housing prices, and labour
participation are the highest; in Zeeuws Vlaanderen
they are the lowest (except for the income level).
Specification of the test
To test for the coherence of the regions, regression
analyses were carried out using standard ordinary
least-squares (OLS) regression. The average values of
the economic indicators of the municipalities in the
functional or administrative regions were regressed on
the dummy variables of the regions to account for the
differences in average income levels, housing prices,
and employment and unemployment rates between
regions. The question in this context is whether there
are any significant differences between the different
clusters of municipalities with regard to these economic
indicators. The following equation was estimated to
reveal the average income differences between func-
tional or administrative regions:
Incomem ¼ b0 þ b1,...,kdelimitation
where m is the municipalities; k is the number of regions
minus 1; b0 is the average income level of the reference
region; and b1,. . .,k is the differences between the
average income level of the other regions and the refer-
ence region. The regressions are repeated for all couples
of regions (i.e. taking different reference regions) of the
same functional or administrative division. The number
of couples in the four, 12, 28 and 40 divisions is six, 66,
378 and 780, respectively (i.e. (kþ 1)k/2). Similar
regression equations are estimated for housing prices,
and employment and unemployment rates. Significant
differences in economic indicators between regions
indicate that the delimitation is based on coherent
regions. Finally, the number of significant differences
between the average levels of the economic indicators
of regions were counted.
Results
The higher the number of significant differences
between the regions in the estimated equations, the
lower the interaction of workers between these
regions, and the higher the coherence of the municipa-
lities within the regions. Tables 3 and 4 show the mean
differences of the four economic indicators of all
possible combinations of the four administrative and
functional regions, respectively. Remarkably, the
differences in income levels are not significant
between the administrative and functional regions. On
the other hand, housing prices are significantly different
for almost all the six pairs of regions. The employment
and unemployment rates are significantly different for
about half of the six pairs.
The positive and negative signs of the differences
across the four economic indicators are generally in
accordance with the predictions that follow from the
commuting model presented above. In most cases a
region with a lower average income level than
another region also has a lower average housing price,
a lower average employment rate, and a higher
average unemployment rate relative to the other
region. The North region, for example, has a lower
income level than the West region – although not sig-
nificantly so – a significantly lower housing price and
employment rate, and a significantly higher unemploy-
ment rate than the West region.
Table 1. Overview of the statistics of the four administrative
regions of the Netherlands, 2001
Administrative
regions
Income
level (E)
Standard
deviation
Housing
prices (E)
Standard
deviation
North 17 688 3154 47 774 9992
East 17 362 3617 66 402 10 432
West 18 247 4624 71 312 20 969
South 17 747 4138 70 785 10 909
Total 17 874 4143 67 051 17 611
Employment
rate (%)
Unemployment
rate (%)
North 61.20 3.54 5.01 2.16
East 64.49 3.87 3.31 1.33
West 66.19 4.29 3.07 1.37
South 64.16 3.52 3.17 1.44
Total 64.67 4.22 3.39 1.62
Source: Statistics Netherlands.
Table 2. Overview of the statistics of the four functional
regions of the Netherlands, 2001
Functional
regions
Income
level (E)
Standard
deviation
Housing
prices (E)
Standard
deviation
Zeeuws
Vlaanderen
17 893 2909 38 721 3780
South 17 911 4166 69 043 13 645
Utrecht 17 974 4170 84 961 22 598
North 17 775 4107 60 984 16 899
Total 17 874 4143 67 051 17 611
Employment
rate (%)
Unemployment
rate (%)
Zeeuws
Vlaanderen
62.53 4.20 4.90 2.00
South 65.07 4.13 3.20 1.41
Utrecht 66.77 4.17 2.74 1.58
North 63.74 4.18 3.76 1.75
Total 64.67 4.22 3.39 1.62
Source: Statistics Netherlands.
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Tables 5 and 6 give a complete overview of the per-
centages of significant differences for the four economic
indicators with respect to the four, 12, 28 and 40 func-
tional and administrative delimitations in 2001 and
1991, respectively. For the income level in the 12, 28,
and 40 division of regions, the functional delimitation
performs slightly better than the administrative delimi-
tation. It appears that in terms of average income
level, the functionally defined regions have slightly
more coherence than the administrative regions of the
Netherlands. The functional division of 12 regions has
the best score, since 27% out of the 66 pairs of
regions have a significantly different income level. For
the other three economic indicators the performance
is generally much higher for both the administrative
and the functional delimitation. However, for these
economic indicators the functional delimitation is not
better than the administrative delimitation.
With respect to the four economic indicators it
follows that the number of regions that are significantly
Table 3. Mean differences of the four economic indicators for the four administrative regions (NUTS1) of the Netherlands, 2001
(I) Region (J) Region
Income level Housing price
Mean difference
(I – J) p-value
Mean difference
(I – J) p-value
1) North 2) East 325 0.622 –18.625 0.000
3) West –560 0.343 –23.535 0.000
4) South –60 0.926 –23.011 0.000
2) East 3) West –884 0.079 –4.909 0.011
4) South –385 0.497 –4.385 0.044
3) West 4) South 499 0.303 0.524 0.778
Number of significant differences Out of six 0 5
Employment rate Unemployment rate
1) North 2) East –3.292 0.000 1.698 0.000
3) West –4.996 0.000 1.939 0.000
4) South –2.967 0.000 1.835 0.000
2) East 3) West –1.704 0.003 0.241 0.270
4) South 0.325 0.613 0.136 0.578
3) West 4) South 2.029 0.000 –0.105 0.218
Number of significant difference Out of six 5 3
Note: Significantly different at the 5% level.
Table 4. Mean differences of the four economic indicators for the four functional regions of the Netherlands, 2001
(I) Region (J) Region
Income level Housing price
Mean difference
(I – J) p-value
Mean difference
(I – J) p-value
1) Zeeuws Vlaanderen 2) South –17 0.992 –30 319 0.000
3) Utrecht –82 0.964 –46 237 0.000
4) North 117 0.946 –22 262 0.001
2) South 3) Utrecht –65 0.924 –15 918 0.000
4) North 134 0.741 8058 0.000
3) Utrecht 4) North 199 0.773 23 976 0.000
Number of significant difference Out of six 0 6
Employment rate Unemployment rate
1) Zeeuws Vlaanderen 2) South –2.532 0.297 1.697 0.066
3) Utrecht –4.235 0.094 2.164 0.025
4) North –1.203 0.620 1.143 0.216
2) South 3) Utrecht –1.702 0.047 0.467 0.151
4) North 1.329 0.008 –0.555 0.004
3) Utrecht 4) North 3.031 0.001 –1.021 0.002
Number of significant difference Out of six 3 3
Note: Significantly different at the 5% level.
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different from each other is more or less equal for the
administrative and the functional 2001 delimitations.
Only in the case of the 28 division of regions is the per-
formance slightly better for functional delimitation.
The differences in performance between the adminis-
trative and functional divisions of four, 12, 28 and 40
regions in 2001 are, however, small.
Table 6 shows the percentages of significant differences
based on the 1991 delimitation of the Netherlands. For
the interregional income differences in both 1991 and
2001, the functional 1991 delimitation performs
better than the administrative delimitation (except for
the 28 division with the 1991 average income level).
As in 2001, the performance of the income level as an
economic indicator of interregional differences is low.
For the three other economic indicators one again
finds relatively large percentages of significant
differences between administrative and functional
regions. The functional division performs slightly
worse for these indicators with respect to the 12 and
24 division.
It is generally true that the more differentiated the deli-
mitation, the worse the relative performance. This holds
for both the administrative and functional delimitations.
Although the absolute number of significant differences
usually increases when the delimitation is more differen-
tiated, it is concluded that there is no advantage to differ-
entiate between relatively small regions.
CONCLUSIONS
In many delimitation studies the procedures and
algorithms are adapted with respect to some thresholds
to obtain ‘satisfactory’ results. This ‘fine-tuning’ is con-
sidered to be necessary but can also be regarded as rather
arbitrary. The method applied in the present paper
Table 5. Percentages of significant differences (at the 5% level) between the means of the economic indicators, delimitations of 2001
Indicator
Four-region division 12-region division
Administrative (%) Functional (%) Administrative (%) Functional (%)
Income level, 2001 0 0 0 27
Housing price, 2001 83 100 74 67
Employment rate, 2001 83 50 56 33
Unemployment rate, 2001 50 50 50 36
Total 54 50 45 41
28-region division 40-region division
Income level, 2001 3 5 2 8
Housing price, 2001 58 62 55 49
Employment rate, 2001 38 36 24 20
Unemployment rate, 2001 28 40 29 24
Total 32 36 28 25
Table 6. Percentages of significant differences (at the 5% level) between the means of the economic indicators, delimitations of 1991
Indicator
Four-region division 12-region division
Administrative (%) Functional (%) Administrative (%) Functional (%)
Income level, 1991 0 0 0 8
Income level, 2001 0 17 0 18
Housing price, 2001 83 83 74 51
Employment rate, 2001 83 67 56 27
Unemployment rate, 2001 50 50 50 36
Total 43 54 36 28
28-region division 40-region division
Income level, 1991 6 3 2 10
Income level, 2001 3 8 2 6
Housing price, 2001 58 50 55 56
Employment rate, 2001 38 28 24 29
Unemployment rate, 2001 28 21 29 29
Total 27 22 22 26
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avoids the use of a set of more or less arbitrary criteria by
transforming the standard interaction matrix of commut-
ing flows between municipalities into an MFPT matrix
and applying the Ward clustering procedure. To
compare the functionally defined regions with the admin-
istrative ones, the number of functional regions was tuned
to the numberof regions of the administrative delineation.
This paper argues that no matter what delimitation
method is used, the resulting functional division of
regions should be tested against the administrative div-
ision using a set of relevant criteria. Both from the com-
muting model presented in this paper and the reviewed
empirical studies on regional disparities, it follows that
one can distinguish four economic indicators of
labour market coherence: income level, housing
prices, employment rate, and unemployment rate. For
these indicators it was tested whether the municipalities
within the functionally defined regions show more
coherence (i.e. smaller disparities) than the municipali-
ties within the administratively defined regions.
For both 1991 and 2001 it appears that, in terms of
income level, the functional regions have slightly
more coherence than the administrative regions. The
performance of income level as an economic indicator
of differences between regions, however, was much
worse than for the other economic indicators. A poss-
ible reason for the low percentage of significant differ-
ences in the income levels between regions is that
income is in fact an approximation for the wages of
individual workers. For the other three economic indi-
cators the functional and the administrative regions
showed, on average, the same coherence for both
1991 and 2001. It can be concluded that the administra-
tive delimitation of the Netherlands performs, on
average, equally well as the functional delimitation.
The hypothesis that the municipalities within the
administratively defined regions show less coherence
than the municipalities within the functionally delim-
ited regions cannot be rejected.
The results imply that it is important in delimitation
studies to test the functional divisions of regions against
the administrative division with respect to a set of rel-
evant indicators. If the functional divisions do not out-
perform the administrative division with respect to
these indicators, there is not much to be gained in
policy-making by using a particular functional division.
Other reasons for particular delimitations of regions,
such as the existence of regional administrative and gov-
ernmental bodies and the managerial control over
regions, may then be more important. However, in
the numerous delimitation studies for many different
countries and regionalization procedures there is
hardly given any information on whether the functional
divisions of regions can outperform the administrative
division of regions. Therefore, future research on this
subject should include this information.
Finally, the results imply that it might be better for
regional labour market policies not to use a highly
differentiated division of regions for small countries
such as the Netherlands. In general, the regionalization
of the Netherlands into four regions seems to be suffi-
cient. On the one hand, this conclusion is supported
by the empirical study by VERMEULEN (2005), who
finds that the differences between Dutch regions in
employment and unemployment rates are rather
limited. On the other hand, Vermeulen finds larger dis-
parities between regions for women, low age groups,
and the lower educated. Moreover, according to FEL-
SENSTEIN and PORTNOV (2005a) there are no a priori
arguments to expect that small countries will have
fewer disparities between regions than larger countries.
More research is required to find appropriate regionali-
zations of the labour market for both small and large
countries.
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APPENDIX 1: MEAN FIRST PASSAGE TIME
(MFPT) METHOD
From Markov chain to MFPT
To compute the MFPT matrix, the daily travel-to-work
commuting flows of workers are regarded as a Markov
chain. A Markov chain is a stochastic process that
describes the transition from one state to another over
time using probabilities. By using a Markov chain it is
possible to re-enter each state at any point in time
(i.e.
P
j Pi, j ¼ 0 for some i, where pi, j is element (i,
j ) of matrix limt!1(P
t)), and compute the average
number of transitions needed to arrive from origin i
in destination j for the first time. Note that because
the probabilities of going from i to j are generally not
equal to the probabilities of going from j to i by con-
struction, the MFPT matrix is asymmetric. Since
MASSER and SCHEURWATER (1980) argued in favour
of using a destination-based instead of an origin-based
probability matrix when handling travel-to-work flows,
the destination-based approach is used throughout this
paper.
Computation of the MFPT
For the Markov chain with a single-period transition
matrix P, the j-period transition matrix is defined by
Pt. If this process is run for an indefinite time span,
one ends up with in an equilibrium state. The pro-
portions of time spent in each state are then limt!1P
t ¼
A, where A is the limit matrix. Having these two
matrices, one can compute the so-called fundamental
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matrix Z of the process. Z can be computed by:
Z ¼ (I  (P  A))1
where I is the identity matrix. From the limit matrix,
matrix D is defined by 1/ai on its diagonal and zeros
for all other elements. The MFPT matrix can then be
computed by:
M ¼ (I  Z þ EZdiag)D
where E is a matrix containing 1’s everywhere and Zdiag
is the matrix containing the diagonal elements of Z and
zeros for all other elements (also LEMAY, 1999).
Properties and interpretation of the MFPT matrix
First, the diagonal elements of the MFPT matrix are
very small; this indicates that there are many travel-to-
work flows within a region, which is something quite
intuitive. Furthermore, all other values in the columns
are relatively close to the column average, i.e. they are
of the same order. These column averages are indicators
for how much attraction in which a region has to work.
The lower the column average, the more attractive is
the region.
From MFPT to distances
The asymmetry observed for the MFPT matrix is par-
ticularly inconvenient to cluster regions, as clustering
procedures often implicitly assume symmetric distances.
Another problem arising from the MFPT is that the
order of the column averages differs considerably
among columns, which might result in the clustering
of all larger regions together, even though the distance
in kilometres between these regions is very large. In
fact, the authors wanted to cluster the regions in such
a way that the variation within clusters was minimal.
Therefore, one needs appropriate measures of variation.
The problem of differences in the order of column
averages is solved by taking the z-values, which are
defined by:
zij ¼
xij  mj
sj
Note that although the diagonal values of this z-matrix
can be computed, they make no sense and should be
equal to zero or even non-existent. From these z-
values one obtains a measure for how close regions i
and j are to each other. This is done with a so-called
squared distance matrix. For each column k, one
can compute the difference between zik and zjk
(where i, j= k) and square it. This is the marginal
contribution from k to the squared distance. This can
be written as:
di, j ¼
p X
k:i, j=k
(zik  z jk)2
 !
By construction, dij ¼ dji, so this transformation also
handles all other problems.
NOTES
1. This problem refers to the ‘scale problem’ mentioned in
the Introduction.
2. This problem refers to the ‘aggregation problem’ men-
tioned in the Introduction.
3. For more details on the commuting flows in the
Netherlands, see CORPELIJN and HEERSCHOP (2002).
4. In 1991 and 2001 two car ferries were running across
the Westerschelde estuary. In 2003 the Westerschelde
tunnel was put into use and the car ferry services were
stopped.
5. This paper abstracted from other factors that might
determine wage inequality between regions, such as
regional differences in the educational structure of the
population and the economic structure of regions with
respect to sectors of industry and occupations. In addition,
the analysis of the impact of national collective agreements
on reducing wage inequality is beyond the scope of
the paper.
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